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ABSTRACT 



1 whnT^ : TC ! Pr0Vide 3 pfez08,ectric element m which piezoelectric material layers 
whose dimension, composition, and density are controlled in high precision are fenced 

pt^ 

S , rnnIIi T iSi° N: A P ! eZ ? eleCUiC e ' ement has 3 base of 3 nolfow ™™ ^'inder 1 and is 
equpped with p.ezoelectnc material layers 2, 3 which are formed directly on the inner 

th I ^ ' - SUrfaCeS ° f thS ° ylinder 1 • ,n the manufacturing meTod of 
tlnl? ? y 3 hydr0t r ermal s y nthetic method which the main component of the 
cylinder 1 is made one element to be reacted in the presence of water of high temperature 
and h,gh pressure, the piezoelectric material layers 2, 3 are formed dlr^SSS? 
of the metal cylinder 1 through a nucleus formation process and a c^U^^S? 
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M#H2] >p£<Z>&MP3ff«' < EttfMcDMMft* 

[«*JS3i 9^>*&ft«*ffi<D£jjrai*&, 
KRfSi£&M£bT^-©Fty?IB. HMW. &«»HtlW 

wis ©t»rn* fcrfflra*jtoa*ifc?* >»3?*a 
*» 5 ft 5 Ett#n t ft tfi Afc el t £#ta tr sahftai 1 

SfttOAnnffftftU 1 5 0° Cf!1i&©©BI3gfi0£S 
^t|iDa'fbg i ^>7lcigfKfflil^{ffi|C7KS<fc* U 4$ 

*»*dssFA«n«ft«b, 1 2 o - cn«(ciffnsiift 
Sfi£sxs £ ft#tr c t ftit#m t-r •& mim, 4 fans©E 
Ma 6 3 *£<D§tmmmmw\zm%&m<DBm 

*EJh-r*»«a^86**U, J; DIME* 

m<h-r5SJ^Jl4 £fch£flMt« 5 |Btt0jEtt«?<Z)H& 

m 

Ma 7] +&<D&mnto<DmimitWkis. c©^ 

ZMtittZ E:tft#fS£i-5W3KJi4 £fcteii#Jg5l5 

J:tf?*>««JtoT»*W£*>c!>*a5Sa:U COS 

&ttfr5ftSE«#jg£li&»j$U Lrt>3tt£flE£ffl 
^^ffl^ftfiJPHftLTriftB^ffl^^Xf 1 y * #ft«i 

[^©MJftSJfl] 
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[000 1] 
[00 02] 

m*<Dm) >®v;un >®is (bitpzt &k 

tt, ^T^SPbO, Zr0 2 , Ti0 2 MCR*. Jftfrbfc 
*. {K8l$Xg, »*ISfc«TPZT»*iU lro 

«S*l8TfHfiE*«*. ^©&&k v/ramISffli 
»ftBaPbTfl"«Bia*tfV». -tOWlSrEMSJMRL, 

^$n*. Sat, 0 0Mm£/.T©PZT->-I> 
©f£J£ ttt 2V— FftJH V =>&->- hjt» tb»t- 
*ttfcJBU&h*fcifete. X/ty^tt. CVDfo '/ 

;i/y;wteft ifossKc&^'ba s nrv»«. s 6 tsfc, 
ft&r?* >ss©s® t p z Tjm&dttHMH-&* 

IhtklC J: 0JP*2 0 ymiSOP Z TflMoWftKjfta 
bfc#I#, K. Si mam ura, T. Tsurumi, Y. ohba.D. Dai Donate 
J;-3T*eatlTfr»* (Ipn. J. Appl.Phys. 30(1991)217 
30 4) . 
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» © t w 3 6 , /jNgfeftttfl-sss ns^±^ u 

>^7T2/^^ftt*©4}-SFK:i£<JB^SnTH5. 1* 
>^xs hEftAy H ©$$fcttj£ofrffl#5£jWI3g 

SttftC-f >»9fCtt<O3fi^0!)AlEBfe«(-:rt& 1 

o~2oo nmmmom^mmommmi-^mit, 

>=>yn^h«ifitJft20»ft*4*»bTlt<fflt»6 
[0004] 

fc-f >i? 5?x v hSBftA y h* HHBTOBftltft 1 0 - 2 

o o timmmmm&Hmmo&qji&m* «, 

fit J: "3 ■«rat^JWLjU»l>>HintM}E«#CD 



3 

®ttKfom~emnz>mmfo<D-*&m®, lump. « 

[0 0 0 5] *fc, CVDW«/JWJM*T»6n»ffi 

»\?HT«K2:-r«nkAft1MI^2:Va3ll||Wlft'3 
fc. S6tC *««feC±ntt. Sffi(D«iBt^E*#:lBft 

Bttt»*Tf*, j&»r»t©»aaiiiwftt«ft. 2 0 0- c 

^TfflffifiT-JP* 2 0 umgfg©£j2t&P Z T£E«#JB 

iM^y H^oj(WB*^riBfr*fc*fcttitai o~2 
[0006] zL<Dmmom\t. -m 

[0 0 0 7] 

*&fc, i tis««o»wtt. *£©&^pm£> c 

e*linii*Sttfcl/r*eAJ|.B l 

»*«2ciE«o«Wtt, +fflo^jRn«at, ami 

[0 0 0 8] Sfc, ^JB3taBfEO^Wi, 
6^54>S©^KRtSit, C©£JPSHM£Sa8£LT* 
©I*|JM, MPT. *5V»tt^HBcDl»-fn*>t«» 

aKfl£O*o#*ETT?ff5*l»*ri»SilcJ;0. *»J*I 

[0 0 0 9] mil?, Wf*a5fc|H®©56ffltt, 
fl!HEffi*ffHE t **5/ttfc v^n - 9 A*81£©Bfttt 

«u i5o- cit«o«nsiBA4>r--imm^> 

«8 : S»Ar3=9A> : >©*Jl/tt«irr*flHMft* 
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§U 12 0° CttttO*H»BBft(|»T-3B»HH l ^> 

[0010] M*«6tciB«©i6?gia, 

7 icfBttCDMHt. *ffi©&ftnft©JfflM&* 

[0 0 11] SSfcfcfc. K^«8tf5«E©SgWi, # 
tt©77X5Fy*»©MWlce*K*J:r^>Bt* 

Bffc*»*dMitR:J: D^VttyjUa^W&frSfcSJE 
*#JRftH«Mb. bfrSS^&ttttftSIHA'p'C 

[0012] 

^ cffffl] raaifcraftomrctt. ^©^p^ 

MHtoXfcfc LT©# >*fWB «W J: 

[0013] ttnr, 19*911 tsa«©feffl©±5K, 
•psoajRHW**. £«#■©«*«#*< >*injBi 
SBt UT^o-^Sicy XJMUft, tt*«fc-f >*rft» 
«rePSrfiSAn«, 4 , ?S©^ISRfSf^©t)©*H>5'SSiS& 
30 tbTWBU ffi«*JBfc±*<>*Jnffi«»©#>7 
flsfflftK»«iLT/X;WW>S-f>af»4«WU:<lt 

[0 0 14] *&, S9*«3tiaffi©^BJ!©J;5t. «p 

/HJ>Bft (PZT) ^57isj£mffl^t-5c:tlc 
AO, P Z T©«nfc£EW*tt*4*>UTH*ft*>^ 

M<t>%wT-\t, +ffl©*jRpm©£i*»*-o©fraai 

[0 0 15] ret?, M*K6lcEft®9l9!aJ:3fc, 
PZTl©*^^J5j5fe75i, MUdtXSfiAOWMtftX 

50 jffifSSici: D#sn*P Z TJB<D«l)ft«inttA<lH«PT 
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2, Sfc*»iftraMB«o«RlR:J:0#6n«PZTl 
©•m ttft*ttUEA<flfp-ve. *»r>. *9Nt$ji!«£& 

.jMK, Jt^m^, E^jfegc, 43«fc<yCi'>^fflK(,ip 
CO 0 1 6] Jt*«6fc1E«lo«W(OJ:at, * 
W»»«LT*B«. SOI U&^JHn-MfiDMSr^lB 
E*#fft> *»d*»R:±o«tat:#ac:i3J»T« 
nraffiantttteft&u ^©^T^pntgiro^Mp 

lCdc^ti&KADlftttEtt#J9^Jfrrai£ fttUl/ 

tc&m n« © ^MiBftinKm t lt^^o^js rate© 

*M £E*#JB ft «*.fcEtt*?**»*d»(S 1 A 0 * 
[0 0 17] S6JC*fc, Hf^8fcfBm05gBjT-a, 

*»6ftS. 
[00 18] 

ram ttT t aRgssxttM cai^>TKwr«. 

«. HKfcUT, £E«SR^ttrtefi 1 . 2 nanOJW > 

*6ft* tasoiypin« 1 ortwroHtsroci 1 o so 

AmOPZT@*5& Z&Mim 2 *i A 3 tl 

fi*iH*&3&a£AoT#iSean*. 
[0 0 19] mz, ffl l JEMKRDttftMUiHc 
Afi«JB*ifilf3V»TKWr*. ##0X81*. «:3> 
;Hir.9AO^JUjt*Il. 2 5 : 0. 5 2IC&5A5®' 

U c ®afttt£*B4b:b U 2 A 8 

a»©&JRR«lft«U *-h^V-^*Tri5 0" C 
®*HSH«+*C4 8WHlnaLT3 1 $'>Rtt(0|'a*WBi 
■fcttHSTW 5 * >ffivJWn >6Sffl©«j&ftfro fc. 
[0 0 2 03 ttAiftftX8& » : S^nxSA : ?9 
XD^Mkifil. 2 5:0. 52:0. 4 8fcfc«A3 

>*«ffltfc»fr U C «DJBfi«K*«ft* U «7 A 4 

t*»BWf*«oft«nttiftau, i2o° cnm% 
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■aft. 

[0 0 2 1] ±B2 8flH»SftS;«fcfcJ*S*TU * 
«M&9LfcEfBS?tt. y*>PTOcDl*aH]IT, * 
BlTfc**6PZTE«#H2i5Atf3 3jJ»(SSnT* 
0. *©rott*ttW8l OtfmTffc-afc. *fc, P 
Z TEHfrJI 2 fcAtf 3 ©Sflff fc&mgftJIMLT*-© 
*tt«MEl/£llft. JfcBHHWl 8 0 0, E*£&d 
• i*»4. 2X1 o-'» m/v, -V>Mwf5. 6X10 

»N/m s ft^L, mi3Lmm&*jrrzztmm 
sn&. 

[0 0 2 2] El 2 ttCQRHOA&S&fcftftK-TE* 
#JtHft5£C5te, ftHlffKia&ttB&JMELfc?* 

>nw i o em»TH i i^i^»jtiii;^#©*si 

*«ttfcA-3TPZTEtt#IB*»rtb3Uat«*. C 

tt»flEiat* vit6 Att* 4 a o mmm.ii 
n. w >nw i o ©rtmBc©»p z tes^s 2 ft 

•AfcEMPFtflftStt*. #SnfcPZTE*#JH2 
OJPWlttl *&. PZTE«*P2 

4IIWHS 0,...JBE«fcftdii#4-X 10-'» m/ 
v, ir>y*3&J5. 5Xl0">N/m= £jj*U Hit 

3 tut. 

[0 0 2 3] 03f4Jl©Slia©S6l=Sft:5^i{ajft7P 

rEm^T-©^ffinxab5. mzif;-?$mmwwi uzth 

f5ttMI&JM:*fcc<5fct, ?^>Rfgil©pSg6|!ft^ 
^->-W5t±otm, C©«Xia 1 
Cw-rsMSfliHUftfr(0*|»^j*tfetA-3TP ZTE 

« 1 ©^BnffliJ!-©*P Z TEffl 3 ftfl|?LfcEm§g 

w» an*. » e tut p z TEm#ji 2 aroma 1 
a*»jsuT-t©«ttft*«ufc»*, tfc^m^u 7 

0 0, EMdkdn]9S4xi 0- ,B m/v, ^>{f^ 
5. 5xiO"N/m ! ft^L, BlK^mtKM&n 

[0 0 2 4] ISi4ttiI©^?g©ffi©^iil5ijSS-rEtt^ 

y 7 7, ? y -7 6 o^Mimc & mm+ >wm<o 
=.mmi itMu%oi)8v>, Hicst-jfcttWfc 

HC*fW)*«frJttfetAoTP Z TEm^lftJg^U 

fcAicft*. c©s-&, ran i©^>,Wft^fiK 

risfl-O— ' 3 &?«ttiMBH*tfT P Z TE«#:l 3 jit 
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mmi i^xtcmMM^mn^ z<d&?\zlt [002 8] ^**>v$m<nm&\z&'oimt 

#e.n&pzTjim#:^2oii$.a«i?ii oumT?*-D &5^nfgf®(*iR tn-n, h%w±ny t -m®&&<Di& 

tc. PZTEm/£l3©*Mfc&mffift?B»£l,T Jfe^lcit^JEWS^fiETSeitA^-CSD, ft 

^otiffisii^i/fc^fc. tkmw&wi 600. &&hu%m>nn&^&^>>?m&\zmLim& 

1 0 1 11 N/m= SSL, HI ICSI-^JUPJ t R^C&ff jt^^offim^cy XJUgU-^-f W£ftfc£ft& 

'P&Q&mBffiZ (Jggi 0 Ojim©Rfmii#ft-f [0 0 2 9] SSIe. ©ftgflt 1 0 OMmETF 

>£iM£g«52 2 fcU J t(D-l5mzJX)\4$2 3 ft, ©SfflfitAE®^ fc»T!S50T, VJl/gVXJUi© 

-ftli^-^StCl-l' >i/«*&^g(5 2 4-£*TS-f >£«g&2 1 ft -f >*S?x-.y FEiKs/ Fft=]>A£ hC^fSCt 

XJHJI52 3*3j;iyr-f>^tt^Wffl52 4©tf^fil5$^5X h^'J>^-^, *7-7U>*-, fSZ&mffl&if; 

i ics-r*ffiM<>:itii:^#ffl*^^acj: o-r >^Jjd [0030] s sicsfc, ^^igiiyssn&^xg 1 

ffi^«f52 2 0^gl5^l2:PZTlEmfl:)S3^SLfc„ 2? y i?&&ZR\,>ZZ.klZ£r). &KPmft®S£LTK> 
[0 0 2 6] fcLTH SnfcF Z TH2 ©Ji* litE^^fcH^tDEm^-T^^lC^Sn-S 

BiSlfl^mTSofc. P Z TIEfSftlg 3 ©giffi COT, ^ISHfSi££^t L-ft^tSJ^ODIEmig^t LTj£ 

iz^mmmi$.Lx^(D%mm^Ltzm. ttiytm^ v^«sti-&. 

AU 7 0 0. ffim^d a3 AS4X 1 O-" 1 m/v, ^> [0Si©IBf#?iiaW] 

5X10"N/m ! SSI/, E! 3 \Z?tc$$m [Ell] ClO^O-glil^J^-rBEm^ ffl^ffiia 

fiit^^izA^&jEtt^ft^-r^ct^aEsnfc. [02] z.a&w<D&tezm&m&7iit)m% : ?ami 

sfc, ?#6nfcEm^©-i*>^tt^SB2 4*igsb ej 

-i" >*f±tufttt£a!i£i,fc. *©»*, pztje© ©&SE! 
frjisicEpjpTsmffiffl^^y^iSbfcS©^^^ 30 [si 4] ^©sw©fi!i©SiECT&s-rBEm^©^E! 

$ft<2t»T?#, -f >0 ^ x y MjIS-'N a» H t l/T JUf & [El 5] £©5Sll©llfcS*l!J©iyi50JftSt-EES3§?© 

-r>* BttBWtjwsnsdt^jWEsnfc. &*, p #kei 

Z TJE«flcff»A]J££«2 2 ©fclJMllfci&jfcUT* ± [^©Kffl] 
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